Laparoscopic colorectal cancer (LCRC) surgery in conjunction with other fast track modalities is increasingly practiced within an early recovery after surgery (ERAS) pathway [1] [2] [3] [4] [5] . Strategic, multimodal pain management plays an important part in the ERAS pathway. The analgesic method in LCRC surgery within ERAS had been adopted initially from that of the open colocrectal cancer (CRC) surgical protocol. Therefore, pain management needed to be tailored to LCRC surgeries and its ef-
ficacy needed to be validated [6] . In this regard, local anesthetic infiltration, intravenous patient controlled analgesia (IV PCA), non-steroidal anti-inflammatory drugs or paracetamol, intravenous lidocaine infusion, and neuraxial block have been investigated [5, [7] [8] [9] [10] [11] [12] [13] .
While there is no consensus on the best method of analgesia [6, 8] , recent studies report that epidural analgesia does not have a beneficial outcome in LCRC surgery and could even be deleterious [11, 14, 15] . According to Levi et al. [11] , return of bowel function was slower and the length of hospital stay and duration of nausea were longer with epidural analgesia compared to spinal anesthesia and IV PCA in LCRC surgery. They concluded that epidural analgesia may not be a good choice for postoperative pain management in LCRC surgery, unlike in open CRC surgery [11] . On the other hand, local anesthetic infiltration techniques, including continuous wound infusion [9, 12, 16] and transversus abdominis plane (TAP) block [17] , provide safe and comparable analgesia as compared to epidural analgesia. In the meantime, IV PCA is also a commonly used analgesia in LCRC surgery, as is in our institution. IV PCA may be considered sufficient to control postoperative pain, because LCRC surgery is relatively less invasive and reportedly provokes less postoperative pain than open CRC surgery [18] . However, systemic opioid IV PCA may accompany opioid side effects, such as nausea and vomiting, pruritus and postoperative ileus, even with the small doses required for analgesia.
Two randomized controlled trials in LCRC surgeries found that when local anesthetic wound infusion were compared to either saline (placebo) wound infusion or epidural analgesia the analgesic effect was comparable [12, 19] . Studies of local anesthetics wound infusion in open laparotomy surgeries report controversial results and suggest that success lies in the appropriate plane of wound catheter placement [20, 21] . In the former two studies in LCRC surgeries, wound catheters were placed at the extraction wound of the specimen [12, 19] . In comparison, we used a method of placing the catheters at the subfascial layer using laparoscopic guidance and compared this method of subfascial ropivacaine continuous infusion to IV PCA. The innervation of the nerves in the abdomen arises from the thoracic intercostal nerves T6-12, L1, which course through between the internal oblique and the transversus abdominis muscle at the lateral side and converge toward the preperitoneal space at the midline. With these nerve trajectories in mind, we thought that subfascial catheter placement after laparoscopic surgery might be beneficial for postoperative surgical pain, because along with incisional pain, residual abdominal distension from carbon dioxide insufflation and pneumoperitoneum in laparoscopic surgery might trigger nociception in the whole peritoneum and might cause diffuse abdominal pain after surgery [22] .
In this randomized clinical trial, we aimed to investigate the analgesic efficacy of this novel method of subfascial ropivacaine continuous infusion in LCRC surgery, and investigated, in regard to ERAS, the time to first flatus, time to first rescue meperidine requirement, rescue meperidine consumption, and length of hospital stay (LOS). Postoperative side effects, including postoperative nausea and vomiting, sedation, hypotension, dizziness, headache, and wound complications were also studied.
Materials and Methods
This prospective, randomized trial was performed after approval from this Institution's Review Board of ethical committee (IRB file no. 2010-10-011) and observed ethical standards of the Helsinki Declaration. We received an informed consent from all patients. The study protocol was prospectively registered with the Australia and New Zealand Clinical Trial Registry: ACTRN 12611000183987. This study conforms to the CONSORT guideline.
Patients aged between 20-65 years undergoing laparoscopic colorectal surgeries at our single institution between June 2011 and April 2013, who agreed to participate, were included in this study. Patients who were allergic to study drugs, with pre-existing coagulopathy, neurologic or cognitive dysfunction, systemic or regional infection, previously taking opioids for chronic pain, compromised understanding of patient-controlled analgesia, obesity (body mass index > 30 kg/m 2 ), and pregnancy were excluded from the study. Patients were randomly allocated following a simple randomization procedure to one of two parallel groups in 1 : 1 ratio to receive subfascial ropivacaine continuous infusion (R group) or fentanyl IV PCA (F group). A random sequence was generated by computer-generated allocation numbering (www.randomizer.org) and allocation concealment was achieved through sequentially numbered concealed sheets. Blinding of the operator was not applied in this study because R group patients received wound catheters and F group patients did not. In an attempt to reduce the risk of bias, the research investigator who recorded the postoperative study parameters was not informed of and was oblivious to the presence of the ropivacaine infusion device. However, blinding was not complete in this study. Patients were anesthetized with thiopental 5 mg/kg, sevoflurane, and rocuronium or vecuronium. After tracheal intubation, anesthesia was maintained with sevoflurane 2 vol% at 0.5 fraction of inspired oxygen with air. Nitrous oxide was not used. Intraoperative analgesia was performed using IV fentanyl. All patients received hydromorphone 0.015 mg/kg at the end of surgery. In the postanesthetic care unit (PACU) IV meperidine 0.5 mg/kg was given as a rescue analgesic and IV ketorolac 30 mg was given as the next rescue analgesics. The visual analogue scale (VAS) at discharge from the PACU was equalized to VAS < VOL. 69, NO. 6, DECEMBER 2016 Subfascial analgesia in colon surgery 40 mm according to PACU discharge criteria.
All surgical procedures and insertion of continuous infusion devices were conducted by one surgeon. Laparoscopic surgical procedures were performed with one peri-or trans-umbilical camera port and 2-3 mini-incisional laparoscopic ports. The specimen was extracted either from the incisional extension from the umbilical port site or from the left lower quadrant incisional wound, ranging 4-6 centimeters in size.
In the R group, a bolus of 0.5% ropivacaine 10 ml was injected and a continuous infusion was applied through an elastometric pump (On-Q Painbuster TM , I-Flow Corp., Lake Forest, CA, USA). The pump was preset to deliver 0.5% ropivacaine through two multi-holed catheters at a rate of 2 ml/h per catheter during postoperative 72 hours (a total volume of 300 ml, infusion rate of 2 + 2 ml/h per catheter, 12.5 cm catheter length). The technique of catheter placement was as follows: a tunneling of the catheters was made from 1 inch below the xyphoid process along the bilateral subcostal margin in the shape of an inverse "v", with a catheter on each side placed at the subfascial layer, deep to the transversalis fascia (between the parietal peritoneum and the musculo-fascial layer). The catheters were placed by one surgeon under viewing of the laparoscopic images (Fig. 1 ). In the F group, a fentanyl IV PCA pump (AutoMed Ⓡ 3200, Ace Medical, Korea) was initiated at the PACU and was maintained for postoperative 72 hours. The regimen comprised of 15 μg/ml fentanyl in normal saline 100 ml at an infusion rate of basal 0.5 ml/h, a bolus of 1 ml with a lock out interval 15 minutes.
Postoperative checkups included pain scores recorded by the VAS (VAS, scale of 0-100 mm, 0 = no pain, 100 = extreme pain) at rest and when coughing, postoperative analgesic requirements, postoperative nausea and vomiting (PONV), sedation, hypotension, dizziness, headache, and wound complications at 1 (at PACU), 6, 24, 48, and 72 hours postoperatively. Time to first flatus, time to first rescue, IV meperidine requirement, and length of hospital stay (LOS) were also recorded.
For effective postoperative analgesia, all patients were made feasible to use a bolus of fentanyl IV PCA at bedside, by equipping the patients in R group with a bolus only fentanyl IV PCA device (AutoMed Ⓡ 3200, Ace Medical, Seoul, Korea), which was set to deliver a bolus of 15 μg fentanyl only at patient's demand (15 μg/ml of fentanyl in 100ml normal saline, at lock out interval of 15 minutes). Patients in the F group used their fentanyl IV PCA for bolus demand. All patients received meperidine 0.5 mg/kg for rescue analgesia if VAS > 40 mm even after IV PCA bolus. Meperidine was chosen for rescue analgesia according to our hospital's analgesia prescription. Oral analgesia on a regular basis was withheld for postoperative 72 hours during the study period.
Antiemetic drugs were given if PONV was moderate or severe (PONV was questioned on a scale of 10; 1-3: mild; 4-6: moderate; 7-10: severe). At PACU, IV metoclopramide 10 mg was given as a primary antiemetic drug, and IV palonosetron 0.075 mg was given as a second line drug. At ward, IV metoclopramide 10 mg or granisetron 1 mg was given. Sedation was recorded on a scale of 5 (1: completely awake, 2: drowsy, 3: dozing, 4: mostly sleepy, 5: not responding). Hypotension was recorded if systolic blood pressure < 30% of baseline. The presence of dizziness was also recorded. The wound was dressed on postoperative day 3 and its condition was made note on the electronic medical record.
Statistics
A pilot study showed that the VAS when coughing at postoperative 24 hours in IV PCA was 60 ± 20 mm. Based on the reduction of VAS > 30% perceived to be clinically relevant (80% power test and alpha level of 0.05), 21 patients in each group were required. Accounting the 10% drop rate, a total of 46 (23 patients each) patients were planned.
Demographic and surgical data, the VAS scores, meperidine and fentanyl IV PCA consumption, resumption of oral soft diet, and satisfaction scores were analyzed by t-test or Wilcoxon rank sum test according to normality test results. Cumulative meperidine consumption was analyzed after natural logarithm transformation due to non-normality. The length of hospital stay, time to first gas out, time to first meperidine requirement at ward, and time to first meperidine requirement including PACU were analyzed by log rank test. Categorical variables including PONV, use of antiemetic drugs, sedation and percentage of patients with no rescue meperidine during postoperative 72 hours were analyzed by chi square or Fisher's exact test, as appropriate. Continuous variables were displayed as mean ± SD or median (interquartile range) after normality test. All values were considered significant if P < 0.05. Statistical analysis was carried out using SAS version 9.3 (SAS Institute Inc, Cary, NC, USA). 
Results
A total of 44 patients were recruited. Among these 44, one patient refused to participate and one patient was lost during follow up. Thus, 42 patients completed the study (Fig. 2, CON-SORT diagram) . Patient demographics and details of surgery are listed in Table 1 . No significant differences were observed between the groups.
Our primary end point, the VAS when coughing at 24 hours, showed no difference between the groups. The VAS scores at rest and when coughing at all other time points were also not different between the groups ( Table 2 ). The time to first flatus was significantly shorter in the R group compared to the F group (P = 0.010) ( Table 3 ). Resumption of oral soft diet was similar between the groups (P = 0.492). LOS was not different between the groups (P = 0.853).
Analgesic consumption of IV fentanyl, rescue IV meperidine, the number (%) of patients with no request for rescue IV meperidine during 72 hours postoperatively, and time to first rescue meperidine are displayed in Table 4 . Rescue IV meperidine requirement was not different between the groups. IV fentanyl consumption was significantly less in the R group, because of the given protocol (Fentanyl IV PCA group with continuous and bolus doses vs. ropicaine continuous infusion group with fentanyl IV PCA bolus only doses). Time to first meperidine given in the ward was significantly shorter in the R group (P = 0.017), but the number of patients who did not request rescue IV meperidine during the 72 hour follow up was smaller in the R group, although this difference was statistically not significant. Rescue IV ketorolac at the PACU was given to two patients in the F group.
Adverse effects, including PONV and sedation were similar between the groups. The incidence of PONV, the use of antiemetic drug, and sedation are shown in Table 5 . Antiemetic drugs were given to moderate to severe PONV patients. However, at postoperative 1-6 hours in the ward, 18 patients (13 in F group, 5 in R group) received routine IV antiemetic drug, granisetron 1 mg postoperatively. There was no report of hypotension, dizziness, or headache in this study.
There was no mortality or morbidity, nor was there any wound infection or complication related to the analgesic method. One patient in the F group showed a leakage in anastomosis site and received reoperation without further complications. Subfascial analgesia in colon surgery Values are mean ± SD or median (Q1-Q3). IV PCA: Intravenous patient-controlled analgesia, PACU: postanesthetic care unit. P values < 0.05 are considered statistically significant.
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Discussion
This randomized trial compared IV PCA opioid-based analgesic method to continuous local anesthetic-based pain control. Our results showed that analgesia with ropivacaine continuous infusion after LCRC surgery was not different from fentanyl IV PCA. The VAS was not different between the groups throughout the study. Bowel recovery manifested by the time to first flatus was significantly faster in the R group. During the 72 hour follow up, rescue IV meperidine was never requested in 8 out of 20 patients (40%) in the R group versus 4 out of 22 patients (18.2%) in the F group, although the percentage of patient requiring meperidine was not significantly different between the groups (P = 0.175). Fentanyl IV PCA doses were also less administered in the R group.
Conversely, time to first meperidine request in the ward (0.0 [0.0-10.0] hour) was significantly shorter in the R group (P = 0.017). However, rescue IV meperidine administration during the 72 hour follow up was less in the R group, without statistical significance. These results signify that patients required rescue IV meperidine immediately upon transfer to the ward. Earlier requests for rescue meperidine, yet smaller rescue meperidine and fentanyl consumption with fast bowel recovery in the R group may seem contradictory. However, we reason that patients in the R group needed earlier meperidine immediately after transfer to the ward, because ropivacaine infusion required time to reach peak effect, whereas fentanyl IV PCA had fast onset systemic analgesia in patients in the F group. Furthermore, transfer to the ward may have caused patients to move from bed to bed, and this movement could have made patients in the R group request rescue meperidine at that timepoint. We therefore think that an earlier request for rescue IV meperidine in the R group was as a result of different pain control modalities and does not contradict the favorable pain control effect of ropivacaine continuous infusion with smaller meperidine and fentanyl consumption. To overcome an earlier request for IV rescue meperidine, local anesthetics with an earlier onset such as lidocaine bolus administration may be favorable.
In perspectives of ERAS, local anesthetics continuous infusion may be an attractive alternative to systemic opioids or neuraxial block, especially if neuraxial block is not indicated [9, 10, 20, 23] , because the former may enable adequate analgesia with early return of bowel function and a shorter hospital stay. However, different studies yield disparate results on ropivacaine wound infusion, with some studies reporting beneficial effects and others reporting no beneficial effects [21, 24, 25] . The discrepancies among the studies were attributed to the anatomical plane of catheter insertion and the dose of local anesthetics used [9, 19, 21] . A meta-analysis by Ventham et al. [9] revealed that subfascial wound catheters display more consistent analgesic effect compared to subcutaneous, suprafascial wound catheters. In a study by Moore et al. [19] , the researchers placed the catheter at the neural plane rather than at the muscular plane and it produced more effective analgesia. Proximity to the target nociceptors and nerves was one determining factor for the efficacy of local anesthetics wound infusion [19] . In abdominal surgeries, proximity to the nerves arising from the thoracic intercostal nerves T6-12, L1 may be a rational choice, therefore, placing the catheters between the internal oblique and transversus abdominis muscle at the lateral side or at the preperitoneal space at the midline seems reasonable. In this regard, the TAP is known to be an effective target of nerve blockade in abdominal surgeries [17, 26] . However, in order to place the catheters at the TAP in LCRC surgery, utilization of ultrasonography is prerequisite. In our study, we instead placed the ropivacaine continuous catheters at the subfascial layer, i.e., the preperitoneal layer between the parietal peritoneum and the musculo-fascial layer, because this was technically feasible without the use of ultrasonography and safe to approach under laparoscopic guidance in LCRC surgery. According to Ventham et al. [9] , subfascial catheters can provide effective pain control. We therefore thought that our method could also be an alternative choice for effective pain control.
Until recently, pain management in ERAS has been studied mainly in open abdominal surgeries [27] . As studies on the best methods of pain control in LCRC surgeries emerged, few studies described a local anesthetics wound infusion catheter at the extraction wound of the specimen [12, 19] . Moore et al. [19] reported comparable analgesic effect of ropivacaine wound infusion with early improved respiratory function, compared to the placebo. In their study they concluded that wound infusion did not offer improved analgesia or beneficial effect in bowel recovery. Boulind et al. 's [12] report was a feasibility study, in which they did not conclude on the efficacy of the wound infusion. However, they strongly suggested that local anesthetic is a potentially strong alternative analgesic method, and that a further large scale double blinded randomized trial was feasible. Our study was different from the two studies in several aspects. Instead of placing a catheter at the wound, we used two catheters on each side of the subcostal margin at the plane close to the peritoneal layer and 0.5% ropivacaine was infused at 2 ml/ h per catheter. In Moore et al. 's study [19] , they used a single catheter at the extraction wound and used an infusion pump to provide 0.5% ropivacaine at 8 ml/h [19] . Their study compared ropivacaine continuous infusion with saline infusion. But our study compared different analgesic modalities, comparing between opioid-based versus local anesthetic-based analgesia. In LCRC surgery, surgical site, laparoscopic port incision, and specimen extraction incision are located in the lower abdomen. Therefore, we chose to target ropivacaine wound infusion along
the subcostal line at subfascial layer, because we wanted to block the intercostal nerve trajectory at the upper level to cover antinociception not only at the surgical incision, but also to reduce diffuse abdominal pain caused by nociceptive triggering in the whole peritoneum by CO 2 gas insufflation during laparoscopy [22] . We cannot extrapolate which plane of catheter insertion is better in pain control between ours or that in the previous studies. However, we suggest that incisional pain and pneumoperitoneum induced pain may be managed better with bilateral subcostal subfascial catheter placement as in our study, rather than at the extraction wound.
Early passage of flatus is an important benefit of local anesthetics continuous infusion [9] . Postoperative ileus delays postoperative recovery, patient discomfort, and hospital discharge. Recovery of bowel function after surgery can be affected by several factors, such as hypoalbuminemia, narcotics, nasogastric tube, and bowel manipulation during surgery [28] [29] [30] . In Moore et al. 's study [19] , they compared ropivacaine wound infusion with placebo and despite less consumption of morphine in ropivacaine infusion group, the bowel recovery was not different between the groups. We speculated that differences in bowel recovery between Moore et al. 's study and ours may be explained by ERAS programs implemented by each institution. In the Moore study, they began a fluid diet on postoperative day (POD) 1; whereas in our study, a fluid diet was initiated on POD 2-4, according to ERAS care ( Table 6 ). The ERAS management used in this study (Table 6 ) included early enteral feeding postoperatively according to surgery type and each patient's bowel condition, regardless of the presence of bowel flatus passage. Nonetheless, reduced use of perioperative opioid is associated with early postoperative bowel recovery, which was in agreement with our findings.
Postoperative adverse effects including PONV and sedation were not different between the groups, and hypotension, dizziness, headache or significant wound complications were not present in this study.
The limitations of our study are the following. First, this study was carried out by non-blinding, because patients in the R group carried a continuous wound infusion device, but patients in the F group did not. We did not use a placebo (saline) based wound infusion device in the F group to double blind the study because the comparison was between two different modalities of analgesia, i.e., systemic IV opioid based analgesia versus local anesthetics based analgesia. In an effort to reduce the risk of bias in this study, our assessor was not informed of and was oblivious to the presence of a wound device, while investigating the pain scores, side effects, and IV PCA infusion doses. Second, our study was conducted in a single institution and by a single surgeon conducting LCRC surgery, limiting the study's generalizability. Also, the sample size may have been too small to demonstrate the statistical significance in rescue meperidine consumption, although clinically, less meperidine was required in the R group. A largescale or multicentered investigation needs to be performed to validate our results. Third, long term follow up of patients was not conducted. However, electronic chart review from outpatient follow up after surgery showed no incidence of residual severe pain after surgery. Fourth, the plasma concentration of ropivacaine was not measured. However, there are several other studies that confirm safety and reliable use of 0.5% ropivacaine at 4 ml/h in wound infiltration to support its use.
In conclusion, subfascial ropivacaine continuous infusion in LCRC surgeries, along the subcostal area in an inverse "v" shape at the subfascial layer, can provide analgesia not different from fentanyl IV PCA, with early bowel recovery. Earlier requests for meperidine in the ropivacaine infusion group in the ward may be related to the peak effect time of ropivacaine continuous infusion, so this does not contradict the favorable pain control effect of the R group with fewer IV meperidine requests. Further investigations using or comparing this method of ropivacaine continuous infusion at the subfacial layer (preperitoneum) with ropivacaine continuous infusion at the extraction wound may be considered.
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